Introduction {#S10}
============

Coronavirus Disease 2019 (Covid-19) has affected over 3.5 million people and caused 250,000 deaths worldwide.^[@R1]^ Although Covid-19 is primarily a respiratory illness, reports suggest that it may lead to a hypercoagulable state and thrombotic complications.^[@R2]--[@R4]^ Recent case series from China, France, and New York raise the possibility that Covid-19 might increase the risk of ischemic stroke.^[@R5]--[@R7]^ However, these studies were small and lacked control groups. To evaluate whether Covid-19 is associated with a higher rate of ischemic stroke than would generally be expected from a viral respiratory infection, we compared the likelihood of acute ischemic stroke in patients with Covid-19 versus patients with influenza, a known stroke risk factor.^[@R8]^

Methods {#S11}
=======

Design {#S12}
------

We conducted a retrospective cohort study at two hospitals in New York City, one of which is an academic quaternary-care center and the other an academic community hospital. One part of the study population comprised patients aged ≥18 years who had confirmation of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) in the nasopharynx by polymerase chain reaction and had an emergency department (ED) visit or hospitalization from March 4, 2020 through May 2, 2020. In parallel, we identified adult patients with an ED visit or hospitalization with laboratory-confirmed influenza A or B at our quaternary-care hospital between January 1, 2016 and May 31, 2018, dates during which we had available data from the Cornell Acute Stroke Academic Registry (CAESAR), which we used to ascertain ischemic strokes in the influenza cohort. Influenza is a common viral respiratory illness that has been established as a risk factor for ischemic stroke,^[@R8],[@R9]^ so the comparison between Covid-19 and influenza allowed us to estimate whether Covid-19 is associated with a heightened risk of ischemic stroke beyond that expected from a viral respiratory illness. Calendar years 2016-2018 encompassed both severe (2017-2018) and moderate (2015-2016, 2016-2017) influenza seasons.^[@R10]^ Patients with Covid-19 and influenza were identified using automated systems for electronic capture of laboratory results established by the Weill Cornell Medicine Architecture for Research Computing in Health (ARCH) program. Our Institutional Review Board approved this study and waived the requirement for informed consent.

Measurements {#S13}
------------

We used automated electronic data capture to collect information on demographics, vascular risk factors, presenting symptoms, severity of Covid-19 illness, laboratory values, imaging studies, medications administered, in-hospital mortality, and discharge disposition.

The primary outcome was acute ischemic stroke. In the Covid-19 cohort, we screened for ischemic stroke by identifying all patients who underwent brain computed tomography (CT) or brain magnetic resonance imaging (MRI) or had an *International Classification of Diseases, 10^th^ Revision, Clinical Modification (ICD-10-CM)* diagnosis for cerebrovascular disease (I60-I69) during their ED visit or hospitalization. Two board-certified attending neurologists systematically adjudicated the presence^[@R11]^ and etiological mechanism classification^[@R12],[@R13]^ of acute ischemic stroke with disagreements resolved by a third independent reviewer. In the influenza cohort, ischemic stroke was ascertained by merging in data from CAESAR. The methods^[@R14]^ for stroke adjudication and etiological subtype classification in CAESAR are the same as the methods described above for the Covid-19 cohort.

Analysis {#S14}
--------

We used descriptive statistics with exact confidence intervals (CI) to characterize the study population and to calculate proportions of patients with acute ischemic stroke. Comparisons were made using the chi-square test or Wilcoxon rank-sum test for unadjusted comparisons, and logistic regression models were adjusted for age, sex, and race. In a sensitivity analysis, we restricted our Covid-19 and influenza cohorts to patients who were hospitalized. Statistical significance was defined by an alpha-error of 0.05.

Results {#S15}
=======

From March 4, 2020 through May 2, 2020, there were 2,132 patients with ED visits or hospitalizations with Covid-19 at our two hospitals. Their median age was 62 years (interquartile range \[IQR\], 48-75), 55% were men, and vascular comorbidities were common ([Table 1](#T1){ref-type="table"}).

Of the 2,132 Covid-19 patients, 31 patients (1.5%; 95% CI, 1.0%-2.1%) had an acute ischemic stroke. The median duration from Covid-19 symptom onset to stroke diagnosis was 16 days (IQR, 5-28) ([Figure 1](#F1){ref-type="fig"}). The median age of patients with acute ischemic stroke was 69 years (IQR, 66-78). Most stroke mechanisms were cardioembolic (n=13, 42%) or cryptogenic (n=16, 52%) ([Table 2](#T2){ref-type="table"}). Inpatient mortality was 29% among Covid-19 patients with ischemic stroke versus 12% among Covid-19 patients without ischemic stroke (p=0.005).

Among 1,516 patients with influenza from January 1, 2016 through May 31, 2018, three patients (0.2%; 95% CI, 0.0%-0.6%) had an acute ischemic stroke (two cardioembolic and one cryptogenic). In unadjusted analysis, patients with Covid-19 were more likely to have an ischemic stroke than patients with influenza (OR, 7.4; 95% CI, 2.3-24.4). Our results were unchanged after adjustment for age, sex, and race (OR, 7.5; 95% CI, 2.3-24.9). Our results were similar in a sensitivity analysis restricted to hospitalized patients with Covid-19 or influenza (OR, 6.4; 95% CI, 1.9-21.2).

Discussion {#S16}
==========

Among 2,132 patients with ED visits or hospitalizations with Covid-19 infection at two major hospitals in New York City, the rate of ischemic stroke was 1.5%, which was 7.5-fold higher than the rate of ischemic stroke among patients who visited the ED or were hospitalized with influenza.

Apart from small case series, our understanding of neurological complications of Covid-19 is limited. Among 214 patients hospitalized with Covid-19 in Wuhan, China, 3% had a stroke.^[@R7]^ Among 13 patients with Covid-19 infection who underwent brain MRI in France, 23% had an ischemic stroke.^[@R6]^ More recently, investigators reported on five young patients in New York City with cerebral large-vessel occlusion and severe stroke.^[@R5]^

Our study of 2,132 racially diverse patients provides a more precise estimate of the absolute risk of ischemic stroke among patients seeking emergency care for Covid-19. Our data indicate that a higher proportion of patients with ED visits or hospitalizations for Covid-19 have acute ischemic stroke compared to patients with ED visits or hospitalizations for influenza.

Further, our findings improve our understanding of the characteristics, mechanisms, and short-term outcomes of ischemic stroke in these patients. We found that most strokes occurred in older age groups and in those with traditional stroke risk factors. We also noted that initial plasma D-dimer levels were nearly three-fold higher in those diagnosed with ischemic stroke.

Our study has several limitations. First, we may have underestimated the true rate of ischemic stroke in patients hospitalized with Covid-19 infection because these patients are sometimes too unstable to undergo brain imaging. In addition, some patients with undiagnosed Covid-19 and stroke may have died before reaching the hospital. Conversely, the recent surge in Covid-19 in New York City could have affected the threshold for visiting the ED or hospitalization and therefore it is possible that patients who sought emergency care with Covid-19 in our cohort were more severely ill than patients who sought emergency care with influenza in past years. The increased risk of stroke in Covid-19 infection may thus reflect greater severity of underlying illness. Second, our study involved two hospitals and thus our results may not be generalizable to other settings. In particular, we were unable to estimate the population-level incidence of ischemic stroke among patients infected with SARS-CoV-2 and compare this incidence to the general population.

In conclusion, the proportion of patients with ED visits and hospitalizations with Covid-19 who had acute ischemic stroke was approximately 7.5-fold higher than the proportion seen in patients who visited the ED or were hospitalized with influenza.
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![Timeline in days from Covid-19 symptom onset to acute ischemic stroke diagnosis.\
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###### 

Characteristics of Patients with Covid-19, Stratified by the Diagnosis of Acute Ischemic Stroke

  ------------------------------------------------------------------------------------------------------
  Characteristic^[a](#TFN2){ref-type="table-fn"}^   Acute Ischemic Stroke\   No Acute Ischemic Stroke\
                                                    (n=31)                   (n=2,101)
  ------------------------------------------------- ------------------------ ---------------------------
  **Demographics**                                                           

   Age, years                                       69 (66-78)               62 (48-75)

   Male sex                                         18 (58)                  1,159 (55)

   Race^[b](#TFN3){ref-type="table-fn"}^                                     

    White                                           9 (29)                   602 (29)

    Black                                           3 (10)                   289 (14)

    Asian                                           8 (26)                   268 (13)

    Other/Unknown                                   11 (35)                  942 (45)

   Hispanic ethnicity                               1 (3)                    397 (19)

  **Vascular Risk Factors**                                                  

   Body mass index, kg/m^2^                         27 (24-31)               28 (23-33)

   Hypertension                                     30 (97)                  1,218 (58)

   Diabetes                                         23 (74)                  843 (40)

   Hyperlipidemia                                   17 (55)                  576 (27)

   Atrial fibrillation                              17 (55)                  300 (14)

   Chronic kidney disease                           8 (26)                   323 (15)

   Coronary artery disease                          16 (52)                  492 (23)

   COPD                                             4 (13)                   190 (9)

  **Clinical Characteristics**                                               

   ICU admission                                    18 (58)                  424 (20)

   Mechanical ventilation                           10 (32)                  296 (14)

   Prone positioning                                9 (29)                   222 (11)

  **Laboratory Data**                                                        

   Initial D-dimer, ng/uL                           1,930 (559-5,285)        682 (340-1,980)

   Initial ESR, mm/hr                               89 (60-106)              71 (45-99)

   Initial WBC count, 10^3^/uL                      10.3 (6.9-12.9)          6.9 (5.0-9.6)

   Initial platelet count, 10^3^/uL                 210 (178-269)            208 (161-274)

   Initial troponin-I, ng/mL                        0.03 (0.03-0.09)         0.03 (0.03-0.06)
  ------------------------------------------------------------------------------------------------------

Abbreviations: COPD, chronic obstructive pulmonary disease; ICU, intensive care unit; ESR, erythrocyte sedimentation rate; WBC, white blood cell

Data reported as number (%) for categorical variables and median (interquartile range) for continuous variables.

Percentages were rounded up and therefore many not add to 100%.

###### 

Characteristics of Acute Ischemic Stroke Among Patients with Covid-19

  Characteristic^[a](#TFN5){ref-type="table-fn"}^                                     Acute Ischemic Stroke (n=31)
  ----------------------------------------------------------------------------------- ------------------------------
  Stroke symptoms were presenting complaint                                           8 (26)
  NIH Stroke Scale (IQR)                                                              16 (6-23)
  Stroke mechanism^[b](#TFN6){ref-type="table-fn"},[c](#TFN7){ref-type="table-fn"}^   
   Cardioembolic                                                                      13 (42)
   Large-artery atherosclerosis                                                       2 (7)
   Small vessel disease                                                               0 (0)
   Other determined                                                                   0 (0)
   Cryptogenic                                                                        16 (52)
    ESUS                                                                              5(16)
    Multiple causes                                                                   3 (10)
    Incomplete evaluation                                                             8 (26)
   Multiple cerebrovascular territories involved                                      17 (55)
   Antiplatelet use prior to stroke                                                   7 (23)
   Anticoagulant use prior to stroke                                                  4 (13)
   Intravenous thrombolysis administered                                              3 (10)
   Mechanical thrombectomy performed                                                  2 (7)
   Symptomatic hemorrhagic transformation                                             2 (7)

Abbreviations: IQR, interquartile range; ESUS, embolic stroke of undetermined source

Data reported as number (%) unless otherwise specified.

According to the Trial of Org 10172 Acute Stroke Treatment (TOAST) criteria and the Embolic Stroke of Undetermined Source (ESUS) classification.

Percentages were rounded up and therefore many not add to 100%.

###### Key Points

Question: {#S18}
=========

How does the risk of acute ischemic stroke compare between patients with Covid-19 and patients with influenza (a respiratory virus previously linked to stroke)?

Findings: {#S19}
=========

In this large retrospective cohort study conducted at two academic hospitals in New York City, patients with emergency department visits and hospitalizations with Covid-19 were approximately seven times as likely to have an acute ischemic stroke as compared to patients with emergency department visits or hospitalizations with influenza.

Meaning: {#S20}
========

Patients with Covid-19 are at heightened risk for acute ischemic stroke as compared to patients with influenza.
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